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Introduction

The photosynthetic apparatus, and especially photosystem II
(PSI1). 1s well known to be very sensitive to different stresses. Stress
and stress adaptation can therefore be monitored by following the
behaviour of the photosynthetic apparatus. Chlorophyll (Chl) a fluo-
rescence. though corresponding to a very small fraction of the dissi-
pated energy from the photosynthetic apparatus, has been proven to be
a very useful. non-invasive too! for the investigation of its structure
and function. At ambient temperature Chl @ fluorescence is basically
emitted by PSII. The fluorescence transient, known as the Kautsky
transient, consists of a rise completed in less than 1s and a subsequent
slower decline towards a steady state. The rise reflects the accumula-
tion of the reduced form of the primary quinone acceptor Q4. other-
wise the closure of the reaction centres (RCs), which is the net result
of Q, reduction due to PSII activity and Q- reoxidation due to pho-
tosystem I (PSI) activity. When the photosynthetic sample is kept for
few minutes in the dark, Q, is fully oxidised, hence the RCs are all
open, and the fluorescence yield at the onset of illumination is deno-
ted as Fy,. The maximum yield F at the end of the fast rise, depending
on the achieved reduction-oxidation balance, acquires its maximum
possible value - denoted as Fy, - if the illumination is strong enough to
ensure the closure of ajl RCs. A lot of information has been driven
during the last sixty years from the fluorescence transient (see e.g.
Krause and Weis 1991; Govindjee 1995).

Transients recorded with high time-resolution fluorimeters,
e.g. with the PEA-instrument (data acquisition every 10 ps for the first
2 ms and Ims thereafter), have provided additional and/or more accu-
rate information (Strasser and Govindjee 1992; Strasser et al. 1995). It
was shown that the fluorescence rise kinetics is polyphasic exhibiting
clearly, when plotted on a Jogarithmic time scale, the steps J (at 2 ms)
and 1 (30 ms) between the initial O (F;) and maximum P level (Fp);
moreover, a much more precise detection of Fg, as well of the initial
slope which offers a link to the maximum rate of photochemical reac-
tion, is succeeded.

All oxygenic photosynthetic material investigated so far
using this method show this polyphasic rise, labelied as O-J-1-P. The
shape of the O-J-I-P fluorescence transient has been found to be very
sensitive to stress caused by changes in different environmental condi-
tions, such as light intensity, temperaturc, drought, atmospheric CO,
or ozone elevation and chemical influences (see c.g. Srivastava and
Strasser 1996, 1997; Tsimilli-Michacl et al. 1996, 1999: Van Rensburg
et al. 1996; Kriiger et al. 1997; Ouzounidou et al. 1997; Clark et
al.1998, 2000).
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A quantitative analysis of the O-J-I-P transient has been
introduced (Strasser and Strasser 1995) and further developed, named
as the “JIP-test™ after the steps of the transient, by which several phe-
nomenological and biophysical - structura) and functional - parame-
ters quantifying the PSIl behaviour are calculated (for a review see
Strasser et al. 2000). The JIP-test was proven to be a very useful tool
for the in vivo investigation of the adaptive behaviour of the photo-
synthetic apparatus and, especially, of PSII to a wide variety and com-
bination of stressors, as it translates the shape changes of the O-J-1-P
transient to quantitative changes of the several parameters. Hence the
deviation of the consteliation of these parameters from that of the non-
stressed condition expresses quantitatively evaluated strains, finger-
prints of the stressors on the photosynthetic organism.

We here present an outline of the JIP-test, preceded by a
summary of our stress concept, which is the basis of our approach.
Moreover, we present an application of the JIP-test in a case study

. referring to the response of the photosynthetic apparatus in Vicia faha

leaves upon the diurnal changes of the incident light intensity. With
the same-methodology. by which fingerprints of several kinds of stres-
sors on the behaviour and performance of the photosynthetic appara-
tus have been so far detected, identified, analysed and “mapped”
(Srivastava and Strasser 1996. 1997; Tsimilli-Michael et al. 1996,
1999. 2000, Kriiger et al. 1997; Clark et al. 1998, 2000), the quanti-
fied behaviour of the photosynthetic apparatus can be used as a bio-
indicator of any stress, from daily rhythm to global changes.

The stress concept

The term “stress™ comes from physics where it has been pre-
cisely defined, measured by the strain it provokes. However, concer-
ning biology it has been given widely differing meanings. Probably
due 10 an extension of the physical meaning, many of them converge
in attributing stress to any environmental factor “unfavourable” for
the living organism under consideration. Our approach is different in
principle. It is focused on the dynamic character of the relation bet-
ween organism and environment, keeping from the physical approach
the concept of “action-reaction”, and offers the possibility of analyti-
cal description and quantification (for further details on the Stress
Concept see Strasser, 1985; 1988; Tsimilli-Michael et al., 1996;
Tsimilli-Michael and Strasser, 2001).

We consider that stress has a relative meaning, with non-
stress as the reference condition. More preciscely, we consider stress as
a deviation from the non-stress situation. The latter is not statically but
dynamically defined: it is the situation at which the organism is in
*harmony” with its environment, or equivélently, the plant is at its
thermodynamic optimal state, which can be regarded, based on infe-
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rences from open system thermodynamics, as the state of minimal
entropy production. In other words, non-stress is defined as corres-
ponding to thermodynamic optimality and stress to suboptimality.
Accordingly, any change in the environmental input is a stressor in the
sense that it disturbs the achieved optimality and leads the system into
suboptimality. Because of the thermodynamic demand for optimality,
suboptimality creates a force under which the system undergoes state
changes, i.e. changes in its conformation/structure, seeking for a new
optimality. The new optimal state is the attraction point for the state
change walk and the force, defined as the state change force, depends
on how far from the attraction point the suboptimal condition of the
system is. If the system succeeds in reaching the attraction point,
suboptimality becomes zero, the state change force vanishes and the
new stability, i.e. harmony with the environment, is established. Stress
adaptation is, thus, the sequence of processes which realise these state
changes. If the deviation of the new, adapted, state from the former
state becomes measurable, we call it a strain (for a schematic presen-
tation see Figure I). The “deformation” of the conformational/ struc-
tural parameters of a system may be elastic (reversible) or plastic
(irreversible). The plasticity of a deformation of a certain parameter is
revealed if the system, after been exposed to a cyclic environmental
change, still exhibits a strain, termed as residual strain concerning this
parameter.
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Figure 1. A schematic presentation of a state-change as a conse-
quence of an applied stressor, demonstrating also the terms used in
the stress concept and defined as: Stressor: every factor that pro-
vokes “stress”; Stress: every established condition which forces a
system away from its thermodvnamic “optimal state”; Optimal
state of a biological system: the state ar which the system is in full
“harmony "™ with its environment; Harmony of a biological system
with its environment: the achieved situation at which the system
does not tend to change any activity or conformation; Strain: any
physical or chemical change caused by stress. Moving within one
stute corresponds to changes of behaviour (B-chunge), leading 10

suboptimality. Moving from one state function to another corres-

ponds to conformational changes (K-change) leading to optimuli-

e
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The environmental conditions never cease to manifest alte-
rations and, thus, the system perpetually undergoes stress and conco-
mitant stress adaptation processes, seeking and approaching harmony
with its environment. In this concept no environmental factor is consi-
dered a priori as unfavourable and, consequently, the plant has not to
resist, but it simply reacts. Depending on the physiological impact, the
stress can be classified as a constructive or destructive stress (Larcher,
1987). As far as the system manages to adapt, which means that the
attraction point is within realistic limits stress is not only harmless but
even constructive because it resuits in improved resistance and adap-
tive evolution. If the attraction point is beyond the realistic limits,
adaptation cannot succeed and, therefore, stress leads to damages or
destruction. However, the realistic limits are different for different
organisms. Moreover, the limits for a certain organism can vary if
more stressors are combined (Srivastava and Strasser, 1996; Kriiger et
al., 1997).

The environmental changes can provoke quite different res-
ponses on an organism. It may exhibit a relative stability in its beha-
viour, i.e. homeostatic behaviour, or reveal even a wide variability.
However, in both cases the organism does undergo a shift to subopti-
mality, being forced'to increase the entropy production either to main-
tain the established state or to search a new one. Moreover, by a sui-
table deconvolution of the system’s behaviour in structural/ confor-
mational and functional parameters (see The JIP-test), it was found
that, upon stress, the various parameters undergo moditications that
differ concerning both their extent and their degree of elasticity, thus
indicating that complex regulation mechanisms are employed to reali-
se stress adaptation: the down regulation of some parameters serves
for the maintenance of others (see e.g. Tsimilli-Michael et al.. 1999,
2000). '

Screening different plants for the same environmental
changes one can observe that each species acquired specific survival
strategies during evolution to respond to stress. Moreover. experimen-
tal data revealing the ability of photoprotection show that certain
strains may as well carry the information of certain protective capabi-
lities, such as high or low temperature resistance (hardening) or high
light resistance (Srivastava and Strasser, 1996; 1997). This can be
regarded as a memory of the stressors they had been exposed to, i.e. a
memory about the past, influencing future behaviour. These phenome-
na could be correlated with signal transduction and gene induction
mechanisms which have been acquired during evolution in an envi-
ronment of periodically changing conditions.

The JIP-test

Chl a tluorescence transients exhibited by any photosynthetic material
are measured by a PEA fluorimeter (Plant Efficiency Analyser, built

" by Hansatéch Instruments Ltd. King's Lynn Norfolk, PE 30 4NE. GB).

The transients are induced by a red light (peak at 650 nm) of 600 W
m-2 (3200 pE m-? 1) provided by an array of six light-emitting
diodes, and recorded for I s with 12 bit resolution: the data acquisition
is every 10 ps for the first 2 ms and every 1 ms thereafter {for details
see Strasser et al. 1995).
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A typical Chl a fluorescence transient O-J-1-P is shown in Figure 2,
plotted on a logarithmic time scale so that the intermediate steps are
clearly revealed. The following original data (sce Figure 2) are utili-
sed by the JIP-test: the maximal measured fluorescence intensity, Fp,
equal here to Fy, since the excitation intensity is high enough to ensu-
re the closure of all RCs of PSIL; the fluorescence intensity at 50 ps
considered as the intensity Fy when all RCs are open; the fluorescen-
ce intensity at 300 ps (Fyg, ) or 150 us (F)s5,,) required for the cal-
culation of the initial slope My = (dV/dt), = (AV/At), of the relative
variable fluorescence (V) kinetics (see insert in Figure 2 and Tuble 1};
the fluorescence intensities at 2 ms (J step) denoted as Fy, and at 30 ms
(I-step) denoted as F; (for a review see Strasser et al. 2000).
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Figure 2. A4 typical Chl a polyphasic fluorescence rise O-J-I-P,
exhibited by higher plunis. The transient is plotted on a logarith-
mic time scale from 50 us 1o 1 s. The marks refer 10 the selected
Sluorescence data used by the JIP-1est for the calculation of struc-
tural and functional parameters. The signals are: the fluorescence
intensity F (ar 50 us); the fluorescence intensities F,(ar 2 ms) and
F, (at 30 ms): the maximal fluorescence intensity. Fp=F,
(at tr,g,). The insert presents the transient expressed as the relati-
ve variable fluorescence V=(F-F)/(FF,) vs. time. from 50 us to
! ms on ua linear time scale, demonstrating how the initial slope,
also used by the JIP-test. is calculated:

My= (dVidt), = (BV/BD, = (V30,0/(0.25 ms).

The JIP-test refers to a translation, through the formulae of Table 1. of
the original data to the following biophysical parameters, all referring
to time zero (onset of fluorescence induction). that quantify the PSIi
behaviour: (a) the specific energy fluxes (per reaction centre) for
absorption (ABS/RC), trapping (TR/RC). dissipation (D1,/RC) and
clectron transport (ETRC): (b) the tlux ratios or yields. i.c. the maxi-
mum quantum yield of primary photochemistry (@p, = TR/ABS). the
efficiency (W, = ETYTR,) with which a trapped cxciton can move an
electron into the electron transport chain further than Q3 and the quan-
tum yield of electron transport @g, = ET/ABS =@, » ¥,): the pheno-
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menological energy fluxes (per excited cross section, CS) for absorp-
tion (ABS/CS), trapping (TR/CS), dissipation (D1,/CS) and electron
transport (ET,/CS). The concentration of active PSII reaction centres
per excited cross section (RC/CS) is also calculated. The set of for-
mulae used for this translation is presented in Table 1.

Extracted and technical fluorescence parameters

Fe = Fsoue » Mutorescence intensity at S0us

Fise = Muorescence intensity at 150us

Free = fluorescence intensity at 300ps

Fy = fluorescence intensity at the J-step (at 2ms)
Fu = maximal fluorescence intensity

f — = time to reach Fy, in ms

A /] = (Fima = Fo ) / (Frg - Fo) :

Area = area between fluorescence curve and Fy
(dV/dt)e or Mo = 4.(Fyo-Fo)/ (Fu-Fo)

Sa = Area/ (Fm-Fo)

B., = 1- (Sm/ troms)

N = Sw-Mo.(1/V;) turnover number of Q4

Quantum efficiencies or flux ratios

or or TRo/ABS 1~ (Fo/Fm) or Fv/Fy
Q. or ETo/ ABS [1=(Fe/Fy)] - Yo
¥, or ETe/ TRy 1-V,

HoHon

Specific fluxes or specific activities

ABS/RC = Me.(1/Vy) . (1/op)
TR, /RC = M. (1/V))

ETJ/RC = M. (1/Vj).ys
DL/RC = (ABS/RC)-(TRe/RC)

Phenomenological fluxes or phenomenological activities

ABS/CSy = Fq or an other useful expression *
TRs/CSe = Pro - (ABS/ CSe)

ET./CSo = Pro. Yo - (ABS/CSe)

DI/ CSe = (ABS/CSq) - (TRo/CSe)

Density of reaction centres )

RC /CS, = Pre - (V) /Ma) . Fo ™

Performance index

Plars = (RC/ABS) . [@po /(1-po )] - [Wo/(1-90)]

Driving forces

DF.zs = log [PIgs]
DFye = log [RC/ABS]
DFo = log [@po/(1-Qro)]
DFy = log [yo/(1-y,)]

* when expressed per CSy, Fq is replaced by Fu

Table |. Summary ef the JIP-test Jormulae using data extracred

from the fast fluorescence transient O-J-1-P

Recently the performance index Pl was introduced (Strasser
et al. 1999; Srivastava et al. 1999: Tsimilli-Michael et al. 2000; for a
review see Strasser et al, 2000). Here we present the performance
index on absorption basis. Pl,gs:

Yre . Ppy . lL’n = RC . Cpo . \1}0

Plias™
M heype degp, Ll ABS legp, -,

where v, is the fraction of reaction centre chlorophylls relatively to
the total chlorophyll: vy = Chlg - Chl,p. Since Chl, = Chl,

antenna
Chlge. we uet Yoo (1-%g) = Chlge/Chly, e = RC/ABS.
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Substitution of the biophysical by the experimental parame-
ters (see Tuble [) results in: :

I-(FyTy) FyFy 12V,

1 =
A8 Ml)/ VJ F 0 vJ

As defined, the performance index is a product of expres-
sions of the form [p;/(1-p;)], where the p; (i=1, 2, ..., n) stand for pro-
babilities or fractions. Such expressions are well-known in chemistry,
with p, representing e.g. the fraction of the reduced and (1-p;) the frac-
tion of the oxidised form of a compound, in which case log[p/(1-p;)]
expresses the potential or driving force for the corresponding oxido-
reduction reaction (Nernst’s equation). Extrapolating this inference
from chemistry, the log[Pl,5s] can be defined as the driving force
(DF ,gg) for photosynthesis of the observed system, created by sum-
ming the partial driving forces for each of the several energy bifurca-
tions (all at the onset of the fluorescence rise O-J-I-P):

"RC Cop r
DF ups= log(Plags) = log e+ log l"igf + log ‘["l‘l_y'
et o o_ L o_
Introducing the notations DF,. = log[RC/ABS],

DF =log[@p,/(1-¢p,)] and DF=loglis/(1-,)], we can write the
above equation as DF ,pq = DFgc + DF + DF,,. :

It is worth pointing out that the JIP-test reveals changes in
the PSII behaviour that cannot be detected by the commonly used
@po=(Fm-Fo)/Fy, which is the least sensitive of all parameters.
Moreover, g, and Pl are related to the productivity of photosynthetic
metabolites and, hence, they offer a diagnostié tool for the biomass
production capability.

The JIP-test, developed and tested both in the laboratory and
in several applications, is well accepted to provide-a detection, des-
cription and quantification of the dynamic capacities of the photosyn-
thetic sample, as they are expressed by behaviour patterns provoked
by stress. It has been widely and successfully used for the investiga-
tion of PSII behaviour in various photosynthetic organisms under dif-
ferent stress conditions, which result in the establishment of different
physiological states, as well as for the study of synergistic and anta-
gonistic effects of different co-stressors. Moreover, it has been proven
a useful tool for the investigation of the beneficial effects of the parti-
cipants in rhizosphere/mycorrhizosphere systems on the plant. as well
as of their interactions.

The big advantages of the method are: (1) it provides an
early diagnosis of primary stress effects on the photosynthetic orga-
nisms; (2) it is rapid — less than a few seconds are needed for each
measurement; (3) it can be applied in vivo; (4) it can be carried out
anywhere - in the field, in the green house or even in tissue cultures -
and even on samples as small as 2 mm?: (5) it is non-invasive: {6) it is
very inexpensive.

A case study: Response to diurnal light intensity changes

A case study is presented as an example of the JIP-test application.
This study refers to the response of the photosynthetic apparatus in
Vicia fuba leaves upon the diurnal changes of the incident light inten-
sity, from dawn (6: 30 am) to dusk (9:30 pm). The extracted data (see
Table 2) from cach of the fluorescence transients recorded every 1.5 h
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from 6:30 to 21:30 were used to calculate the whole set of the para-
meters, according to the formulae shown in Tuble 1. The set of results
from three measurements, namely at 6:30 (incident light intensity
I,=4 pE m2s1), 13:30 (lo= 550 uE m2 s) and 21:30 (fo = 0) are pre-
sented in Tuble 3. Numbers in parentheses express the normalized values

Time 6: 30 am 1: 30 pm 9: 30 pm
Light intensity (LE m?s?) 4 550 0
F extremes
Fo 620 (1) | 610 0.98) | 612 (0.99)
Fu 3229 (1) | 2033 (0.63) | 2963 (0.92)
Fv/Fo 4.21 (H | 233 (0.55) | 3.84 (0.91)
F dynamics
') 0.56 (1 { 070 (1.24) | 0.57 (1.01)
A\ 0.81 (1) } 0.66 0.81) { 0.80 (0.98)
{dV/dty 0.82 (1) 4 137 (1.67) | 1.00 (1.22)
AREAS
Sm 25.33 (1) | 1942  (0.77) | 17.87 (0.71)
Sen/ t Fmax 0.090 (1) | 0067 (0.75) ;| 0.094 (1.05)
N 36.78 (1) | 3807 (1.03) | 31.20  (0.85)

Tuble 2. The values of extracted and technical fluorescence para-
meters directly obtained from the recorded fluorescence transients.
Numbers in parentheses express the normalized values over the

corresponding values at 6: 30 am (conirol)

Time 6:30 am 1: 30 pm 9: 30 pm
Light Intensity (LE m? s ) 4 550 [}
FLUXES - ACTIVITIES per RC
ABS/RC 1.80 (1) | 280 (1.56) | 220 (L.22)
TRe/RC 145 ()| 196 (135) | 175 (1.20)
ETo/RC 0.63 (1) | 0.59 (093 | 075  (1.18)
FLUXES RATIOS = YIELDS
TRo /ABS = Qpe 081 (1) [ 070 (0.87) { 0.79  (0.98)
ETo/TRo = Wo oa o3 (s | 043 (098
n
ETo/ABS = @ 035 ()| 021  (0.60) | 034  (0.96)
DENSITY OF RCs
RC/CSo 345 1y | 118 (063 | 278 (081)
RC/CSu 1797 (1) | 726 (0.40) | 1347 (0.75)
FLUXES - ACTIVITIES per CS
ABS/CS, 620 (1) | 610 (0.98) | 612  (0.99)
TRo/ CSo 501 M| 427 (0.85) | 486  (0.97)
ETo/ CSe 218 ()| 128 (0.59) | 208  (0.95)
ABS /CSu 3220 ()| 2033 (0.63) | 2963  (0.92)
TRo/CSwm 2609 (1) | 1423 (0.55) | 235t (0.90)
ETo/CSm 1137 (1) | 428 (0.38) | 1007 (0.89)
PERFORMANCE INDEX
and components
(RC/ABS) 0.56 (1) | 036  (0.64) | 0.46  (0.82)
Pro/ (1 - Ppo) 4.21 (1 [ 233 (055 | 3.8 (051)
Wo /(- W) 0.77 {1) | 043 (0.56) | 0.75 (0.97)
3]
L Plass 1.81 1036 (0200 | 131 (0.72)

Tuble 3. The values of the different structural and functional para-
meters provided by the JIP-1est. calenluted from the duata of
Tuble 2.

over the corresponding values ar 6: 30 pm (control)

Numbers in parentheses express the normalized values
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over the corresponding values at 6:30, to facilitate the comparison.

Various PSII behaviour patterns can be constructed from the
values of the calculated parameters. We here chose to present the
changes of the PSI! behaviour during the diurnal changes, by means of
the driving forces, expressed by their difference, ADF, from the cor-
responding values at 6:30 (Figure 3). As above explained, the loga-
rithm of the performance index, defined as the driving force for pho-
tosynthesis, DF ,g5 =log[Pl,ys], can be written as the sum of three
partial driving forces. Similarly, we get ADF 55 = ADFy + ADF +
ADF,,. Figure 3 shows, not only the time course of ADF g, but also
how it is built up: deviation from zero marked by the arrow (1) is due
to the ADFyc term; the further deviation, marked by the arrow(2) is
due to the ADF‘p term; the last deviation, marked by the arrow (3),
comes from the ADF,, term and leads to the driving force difference,
ADF \gs. For comparison, the incident light intensity (I,) vs. daytime
is presented in the same figure.

As clearly demonstrated in Figure 3, the JIP-test offers the
possibility to analyse in details the mechanistics of the variations in
the driving forces. For many stress responses we observed, like in
Figure 3, that a fraction of the reaction centres of PS 11 are inactivated
by being converted to non Q, reducing centres (see e.g. Srivastava and
Strasser, 1999; Srivastava et al., 1999: Tsimilli-Michael. 1999; 2000).
Thus, these centres become “silent RCs™ in respect to photochemistry
(Strasser et al. 2000) and dissipate as heat the trapped excitation ener-
gy, i.e. they act as heat radiators, hence called quenching or heat sinks.
However, they are again turned on as soon as “cooling™ of the plant is
no more needed. This type of regulation corresponds to a digital swi-
ching between two states of the RCs. namely the Q, reducing (fully
active energy conserving units) and the Q, non reducing (silent. heat
dissipating units).

Figure 3. The toial driving force difference ADF ;55 = ADFg +
ADF, + ADF, where the vaiues ar 6:30 were used as reference. vs.
the day-time. along with the incident light intensity (1,). The figu-

re shows also how this rotal driving force is built up: deviarion
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Jrom zero muarked by the arvow (1) is due to the ADF g rerm: the
Jurther deviation. marked by the arrow (2) Qs due 1o the ADF,
term: the fust deviation, marked by the arrow (3). comes from the
ADFy, term und leads 1o the toral driving foree differcnce, ADF
Open points refer to the measurements at 6:30, 13:30 und 21:30.

Jor swhich the full seix of parameters are presented in Tuble 3
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Concluding Remarks

In this overview we have discussed how the chlorophyll «
fluorescence induction curves can be utilised to derive information
about the behaviour of PSII and thus to detect, describe and quantify
stress effects. However, the recorded fluorescence transients carry
much more information than those used by the JIP-test. The whole of
this information can be utilized by means of the powerful methods of
numerical simulations (see e.g. Stirbet et al., 1998). The application of
these methods is being further expiored in our laboratory.

The fluorescence kinetic is so rich in information that since
its discovery in 1931 new properties are continuously being detected.
New instrumentation has made it possible to measure fast changes in
a way that one can follow the electron transfer from the water splitting
side to Q,, then to Qg and later 1o plastoquinone. As this transfer is
very sensitive to stressors and highly dependent on the need of elec-
trons for metabolism. PSII fluorescence can become a biosensing
device for stress detection in plants. For such a detection, the esta-
blishment and application of JIP-test which can screen many samples
in a short time is very useful. The capabilities of the JIP-test for stress
diagnosis are now well understood and accepted. as e.g. presented
recently by Baillod and Martini (2001) in the Biotechnology Journal
“Bioworld". At a second stage. more time consuming and specific
tests can be made on selected samples. In the future. the newer tluo-
rescence imaging techniques and numerical simulations will have to
be calibrated by accurate kinetic tests like the JIP-test.

Basic fluorescence understanding combined with the JIP-
test are a tool to analyvse any plant material in any situation, even by
non fluorescence specialist. We hope that many voung scientists will
try the JIP-test presented in this report, to probe photosynthesis.

Footnote

* Dedicated to Professor Dr. C. Sironval who stimulated me (R.J.
Strasser), already 30 years ago. 1o work in this area and to give a com-
munication (Strasser R.J.. 1973, Induction phenomena in green plants
when the photosynthetic apparatus starts to work. Arch Internat
Physiol Biochim 81: 935-933) at the very same place that | gave
recently the communication presented here in this publication.
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(2), 1416 (JSSN 1424-8514).
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Leiden, The Netherlunds, pp 283-286,

s Clark .. Landolt W.. Bucher J. & Strasser R, 2000, Beech (Fagus sviva-
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performance index. Environmental Pollution 109 S01-507,
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Austd Plant Physiol 22: 151-160).
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tion as monitored by photoacoustic  signals. Aust J Plant Physiol
240 81-90,
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- Srivastava A. & Sirasser. RJ.. 1999, Survival Strategies of Plant 10 Cupe the
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ISBN 81-87267-01-1, Chapter 6, pp. 60-71.
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« Stirbet A., Govindjee, Strasser B.J.& Sirasser R.J, 1998, Chlorophyll a fluo-
rescence induction in higher plants: modelling and numerical simulation. J
Theor Bio. 193: 131-151.

« Strasser BJ. & Sirasser R.J., 1995, Measuring fust fluorescence transients 1o
uddress environmental questions: The JIP-test. In: P Mathis, ed.
Photosvnthesis: From Light to Biosphere, Kluwer Academic Publishers, The
Netherlands, Vol V. pp 977-980.

« Strasser R.J.. 1983, Dissipative Strukturen als Thermodynamischer Regelkreis
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higher plunts and ulgae. In: J.H. Argyroudi-Akoyunoglon, ed. Regulation of
Chloroplast Biogenesis, Plenum Press, New York, pp 423-426.

« Strasser RJ., Srivastava A. & Govindjee, 1995, Polvphasic chlorophyll a fluc-
rescence transient in plants and cyanobacteria. Photochem Photobiol
Gl: 32-42.

e Strasser R.J.. Srivastava A. & Tsimilli-Michael M., 1999, Screening the
Vitality and Photosynthetic Activity of Plants by the Fluorescence Transient.
In: Crop Improvement for Food Security. RK. Behd, M.S. Punia & 8.P.S.
Lather, ¢ds. SSARM. Hisar, India, ISBN 81-87267-0)1~1, Chupter 7, pp 72-115.
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transient as u tool 10 characterize and screen photosynthetic samples. In: M.
Yunus, U. Pathre & P. Mohaniy. eds. Probing Photosynthesis: Mechanism,
Regulation and  Adapration, Tavlor and Francis, London, UK,
ISBN 0-748-40821-3. Chupter 25. pp 443-480.

* Tsimilli-Michael M. & Strasser R.J.. 2001, Mycorrhization us a stress adapta-
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(in press).
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state changes in plants approaching harmony with their environment. Archs
Sei Genéve 49: 173-203.
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hospite by the chlorophyil a fluorescence kinetics O-J-1-P. Z Naturforsch 54C:
671-680.
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